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Abstract—Supporting independent everyday functioning of
older adults is a major challenge for aging in place. In
particular, communication and social activities need support to
prevent social isolation, cognitive and psychosocial well-being
decline, and a risk of depression.
This paper focuses on how technology can bring social
support to isolated older-old adults (over 75 years old) and
allow them to communicate with members of their social
network. We present the design of an accessible and engaging
email application dedicated to this population. We propose
design principles based on the older adults’ specificities and
then use these principles to develop a tablet-based email
application.
We conducted a field study to evaluate our email application
during 9 months. We equipped 13 community-dwelling old-
older adults with a touchscreen tablet and our application
at their home (compared to 13 control counterparts). This
field study validates our design principles as shown by the
effectiveness and efficiency gained by the participants in using
our application. Moreover, we reveal the influence of health
indicators in the usage behaviors and the long-term use of our
application.
I . I N T R O D U C T I O N
Assistive computing is a promising research field for aging
in place. Assistive technology can support independent living
for older adults, in particular by assisting them in most
of their activities of daily living. Supporting independent
everyday functioning of this population may prevent or
reduce cognitive or sensory-motor decline. The literature on
aging usually proposes three categories of activities of daily
living for which older adults wish and need to be assisted with
technology: daily activities (e.g., medication reminder, meal
preparation monitoring), personal safety and home security
(e.g., stove monitoring, detecting of unusual situations), and
communication and social activities (e.g., agenda, remote
communication) [1], [2].
Regarding communication and social activities, older
adults, and especially old-older adults (over 75 years of
age), need support to prevent social isolation and a risk
of depression. As individuals age, they are likely to
loose friends, family members, and above all their spouse.
Also, aging means that physical and cognitive resources
of the person may decline. Consequently, communication
skills decrease while psycho-affective difficulties appear [3].
Social isolation is a societal challenge because it impacts
not only older adults but also their caregivers who are acting
as human support for the performance of everyday activities.
These supporting activities may become a burden depending
on the older adult’s difficulties.
In this paper, we focus on how technology can bring social
support to isolated old-older adults to communicate with
members of their social network, including family members,
peers, and caregivers. This kind of technology aims to
support the cognitive and psychosocial well-being of older
adults for aging in place.
Current assistive technologies allow users to communicate
whenever they want, however they want, with whoever they
want. However, there is a critical gap between the promises
of these technologies and the actual needs and skills of older
adults. To close this gap, the technology must be accessible
and engaging. It should be designed so that the demands of
the technology and the underlying tasks are amenable to the
needs and skills of the person [4].
Nowadays, email-based communication is popular among
younger adults. This mode of communication has the
advantage of being indirect and asynchronous. In fact, more
direct modes of communication, such as video/voice calls,
would be better suited to address social isolation and the
decline of communication skills [5]. However, these more
direct modes of communication are inappropriate in the
context of aging because older adults mainly target their
descendants (children and grand-children) for their social
interactions [3], while these individuals are often busy with
their professional and family activities. Usually, there is a
mismatch between the schedule of older adults and the one
of their descendants, preventing mutual acceptance of com-
munication via direct and synchronous modes. Therefore,
an indirect, asynchronous mode of communication, such as
email, is an ideal solution for both parties.
The problem of existing email applications is that basic
operations (reading, writing, receiving, sending) are not
easily accessible, neither engaging for older adults with
low or no computer skills, or with pronounced cognitive
or physical losses [6]. To remedy this situation, we need
to elaborate principles to design accessible and engaging
applications, based on needs and skills of older adults.
This paper presents the design of an email application
that is accessible and engaging for older adults, support-
ing independent aging in place. First, we examine the
specificities of older adults and specify the email activity.
Second, we propose design principles on the basis of these
specifications. Third, we describe the features of our email
application, whose design relies on these principles. Finally,
we present a field study with 13 older-old adults using
this application during 9 months, compared to 13 control
counterparts. We demonstrate the impact of our application
on their communication behaviors and several well-being
indicators (cognitive functioning and self-perceived health).
I I . S P E C I F I C AT I O N
To design our new email application, we first examine the
specificities of the target users and the specification of the
target domain of activity. In the present case, we establish
the characteristics of older adults and the email activities.
Regarding older adults, two sets of characteristics must
be considered from the literature on aging. First, cognitive
and sensory-motor resources may decline when a person
ages. Second, several barriers due to aging exist before
technologies are accepted and, in a longer perspective,
adopted.
A. Declining cognitive and sensory-motor resources
While many individuals experience healthy aging, without
significant impairments, a number of sensory, motor and
cognitive declines can occur with aging. Sensory resources
mostly decline through a decrease of visual acuity and
contrast sensitivity. Also, there may be a decrease of hearing
of high-frequency sounds and background sounds inhibiting.
Regarding motor skills, movements made by older adults tend
to be slower and less precise than those made by younger
adults. Furthermore, cognitive abilities, primarily related to
memory, planning and executing tasks, are well documented
as major underpinnings of the functional status of older adults
with and without cognitive impairment. Fisk et al. provide
a comprehensive list of typical resources declining with age,
and explain how they decline [7]. Moreover, it has been
shown that when growing old, intra- and inter-variability is
accentuated; this situation has to be taken into account when
designing technologies [8].
B. Barriers to technology acceptance
Older adults do accept and use technology, and especially
communication technology such as telephone. However,
several barriers to technology have been highlighted for the
population of older users [9], [10]. In the Senior Technology
Acceptance Model (STAM), Chen & Chan [11] showed
that health and physical conditions, as well as perceived
technical skills for computer-based tools, have an impact
on both technology acceptance and perceived ease of use
and usefulness of a technology. Therefore, acceptance of
communication tools (email, video/voice calls, etc.) can
be compromised when their design are not accessible and
engaging for older adults.
C. Email-based communication activities
When examining the email activities to be performed by
a user, we identified email tasks that revolve around two key
notions: messages and contacts. More precisely, messages
have to be composed (e.g., create a new message, reply to
a message), viewed (e.g., received messages), and managed
(e.g., removed). Additionally, there needs to be support to
manage the user’s contacts.
I I I . D E S I G N P R I N C I P L E S
In this section, we propose several design principles that
meet the requirements of older adults to perform the tasks
involved in email activities. These principles contribute to
achieve our goal to make the demands of the technology and
the tasks amenable to the various and multiple needs and
skills of older adults.
P1: Accessible visual rendering: Existing principles of
visual rendering have to be applied. But, since sensory-motor
resources of older adults are specific, standards dedicated to
interface design for older adults should be followed (e.g.,
ISO/TR 22411:2008 [12]). For example, text fonts should
be high enough to be easily readable. Colors (including hue
and luminance) should be chosen to obtain high-contrast
ratios between text and background. We also leverage the
comprehensive list of principles to design displays for older
adults provided by Pak and McLaughlin [13].
P2: Multi-coding of displayed information: Following
the principles of Pak and McLaughlin [13], the information
contained in received messages should be available in differ-
ent codes whenever possible. For example, the users should
view a message in a way that is the most compatible with
their sensory capabilities. In particular, the tool should allow
the users to read a message or to listen it via text-to-speech.
P3: Multi-modality to compose a message: Different
strategies for the composition of a message should also be
proposed. For example, the user should compose a message
according to the motor capabilities of their upper limb. In
particular, the message text should either be typed on a
keyboard or voice recorded.
P4: Over-simplifying interactions with technology: To
account for the declining cognitive resources of older adults,
not only should the use of technology be easy, but it should
also be as much simplified as possible. Technology should
be designed in such a way that the users can only focus
on the main task: the message. The aim of this principle
is to limit the required amount of cognitive resources to
interact with the technology. The number of navigation steps
to be managed to achieve an action should be kept to a
minimum [7]. Distractive parameters or non-essential actions
should be avoided [14].
P5: Consistent design: In compliance to the previous
principle, interactions and interfaces should be consistent
throughout the application. Again, this principle aims to
limit the required amount of cognitive resources to process
the displayed information. Also, new situations can un-
necessarily require cognitive resources. The users will be
more effective if a given task and its underlying actions and
parameters are as invariant as possible. Furthermore, this
principle contributes to prevent interaction errors.
P6: Leveraging people’s knowledge of traditional tech-
nology: Older adults are users of existing communication
technology. To break barriers of acceptance, the new technol-
ogy should be designed using standards and affordances from
already-accepted technologies. In particular, design should
leverage knowledge of traditional communication technology,
such as telephone or even surface mailing.
P7: Automation of actions: Automating actions can
also contribute to breaking barriers of acceptance. Actions
that are not essential to the email tasks should be performed
by the application, not by the user. These automated
actions should not compromise the standard usage of the
communication tool. Instead, they should skip over details
whose omission is acceptable to message recipients, aware
of the technology skills of the user and/or their desire to
minimize interactions with technology. Also, the automation
of actions can reduce the required number of steps to
perform a task, which may prevent users from getting lost
or disoriented during the task performance.
P8: Preventing solicitation from unintended contacts:
Acceptance of technology can be compromised if older
adults are solicited by messages from unintended or unknown
persons or institutions. The application should prevent these
situations, constraining the behavior of the technology within
a well-defined, customized scope to match the expectations
and skills of the user.
Even if this paper proposes principles to design an email
application for older adults, some of these principles could be
used for other kinds of communication tools, from the most
traditional ones, such as a telephone, to the most innovative
ones, such as a Web browser.
I V. O U R A P P L I C AT I O N
We designed and developed a fully functional tablet-based
email application for older adults, following the principles
presented above. This section describes the salient features
of this application and illustrate them with screenshots of
the actual interfaces of the application. Each of the design
principles was addressed with one or more features in the
application. The notation (P1) refers to the design principle
’P1’ introduced earlier. Note that one feature may correspond
to more than one design principle.
Our email application is dedicated to touchscreen tablets,
which are known to be accessible devices and allow natu-
ral interaction for older adults, in comparison to personal
computers [15]. However, most of our proposed features
are relevant for other kinds of computer devices (e.g., smart-
phone, personal computer).
The visual interface rendering is accessible for older
adults (P1): We use standards dedicated to interface design
for older adults and map them to touchscreen tablets. In
particular, text fonts and contrast ratios were carefully se-
lected. An example of interface rendering of our application
is shown in Figure 1.
Contacts are displayed with their name and their picture
and easily managed (P2, P4): Information is multi-coded
when possible. A contact is represented by their name,
but also by their photo or any picture of the user’s choice
(Figure 1). Contacts can be reorganized simply with a
drag gesture; a scroll gesture can show hidden contacts
(these gestures have shown to be easily managed by older
users [16]).
Received messages can be read or listened to (P2):
Users have the choice to read a message or to listen to it.
In the latter case, a speech synthesizer reads out loud the
message (Figure 2).
Figure 1: Main screen of the email application. The left pane contains the
contacts selected by the user and represented by their name and picture.
The user taps on a contact picture or name to compose a new message. The
right pane contains messages in the inbox. The user taps on ’View’ to view
the message.
Figure 2: Viewing a message. The message is displayed in the white frame.
Only three actions are possible at this step. The user can listen to the
message via the voice synthesizer, reply to it, or delete it. If the message
was voice-recorded by the sender, this is indicated by a message displayed
in the white frame; tapping on ’Play’ then plays the audio file.
A message can be typed or voice recorded (P3, P6):
Users have the choice to create a new message or to reply
to a message using text or voice recording (Figure 3). The
possibility to send a voice-recorded message leverages the
traditional telephone mode of communication. When the
message is voice-recorded, it is sent as an attached file
to an email message. This file is recorded in a standard
format so that the receiver can easily play it with a standard
email client. This kind of interaction mimics a traditional
answering machine. The interface to write a message is
displayed in Figure 4. The interface to record a message is
displayed in Figure 5.
Figure 3: A choice to record or to type a message. This interface is
displayed when the user taps on a contact icon or on ’Reply’ to a message.
Figure 4: Writing a message. The message can be typed with the virtual
keyboard of the tablet. When the message is composed, only two actions
are possible: sending it or cancelling it.
The application is always displayed in a full-screen
mode (P4): The design of the application follows a single-
task paradigm. When users are involved in a task (e.g.,
composing a message, reading a message), they cannot be
disturbed by another task or they cannot engage in another
task.
The steps for a given task are sequential and numbered
(P4, P5, P6): In compliance with the single-task paradigm,
users are guided from the start to the end of a task, as
Figure 5: Recording a message. Only three actions are possible here. The
interface makes explicit the order in which they have to be performed. First,
recording the message, second, listening to the recorded message, and third,
sending it. However, the action of recording or listening can be done an
unlimited number of times before sending the message.
illustrated by the recording of a message displayed in
Figure 5.
Non-essential fields during message composition are
hidden or automatically filled (P4, P7): When users want to
compose and send a message, they choose a person from their
contact list and then compose the message before sending it.
Non-essential message fields, such as the email address of
the receiver, are hidden from users. Other fields are filled
automatically (e.g., subject) or not offered as parameters (e.g.,
carbon-copy).
Dedicated buttons are labeled with standard terms of
communication technology (P6): Each action is accessible
via a button that is labeled with a common term, leveraging
older adults’ traditional technology skills. This is illustrated
in Figure 5, where the task of recording a message uses terms
and icons from traditional telephone answering machines.
Messages can only be received from or sent to pre-
defined contacts (P8): Only messages from contacts in-
cluded in the user’s contact list are received and can be
viewed. Similarly, users can only send a message to someone
from their contact list (Figure 1). Note that not only does
our application include a feature to introduce contacts, but
it also allows contacts to be added remotely by authorized
caregivers, lifting this burden off the users.
V. E VA L U AT I O N M E T H O D
We designed a field study to evaluate our application.
We equipped 13 community-dwelling old-older adults with
our application installed on a touchscreen tablet at their
home. The aim of this study was to evaluate the usability of
the application by older adults, over a period of 9 months.
Furthermore, this study was designed to assess whether, and
to what extent, such a tool supports the cognitive and psycho-
social well-being of older adults for aging in place. To this
end, we included a control group to compare equipped vs.
non-equipped older adults.
At the beginning of the 9-month period, the participants
received a short training by the experimenter. Then, they
were asked to use the application, installed on a tablet, in
any way they wanted during this period.
During the experiment, measurements were made at three
different stages: just after deploying our tablet-based email
application (t0), after six months of using it (intermediate
evaluation, t6), and after 9 months of use (final evaluation,
t9). The objective of this evaluation method is to evaluate
(1) the usability of the application and its learnability across
time and (2) the benefits in terms of cognitive functioning
and psychosocial health for the older adults.
A. Participants
We recruited 26 community-dwelling older adults, in
collaboration with a public home care service for older
adults. All participants lived alone in their own home. Our
participants were recruited according to specific exclusion
criteria: dependency syndrom, neurological or musculoskele-
tal disease or systemic disorder. The main inclusion criterion
was cognitive integrity with an MMSE (Mini Mental State
Examination [17]) greater than 24. All participants provided
a written consent prior to participating to our study.
Our participants were split into two groups, matched with
age, gender, MMSE and education years (Table I). One
group used our tablet-based email application. The other
group formed a control group. Our goal was to observe
the health-related benefits of using our communication ap-
plication, by comparing measures between equipped and
non-equipped participants.
Table I: Participants profiles
Equipped Control Group
group group comparison
Mean (SD) Mean (SD)
Age 79.00 (1.46) 82.23 (1.52) p > .100
Gender 4 males 2 males p > .300
MMSE 27.67 (.41) 28.38 (.40) p > .200
Education years 9.61 (.55) 9.61 (.66) p > .900
SD=Standard Deviation
B. Data Collected
Every measurement was made three times: at the begin-
ning of the experiment (t0), after six months of usage (t6),
and after nine months, at the end of the experiment (t9).
1) Timed usage scenario for assessing email application
usability: Inspired by the timed-IADL tasks [18], we
designed a usage scenario to assess the performance of a user
performing a task with our application within an allocated
time. The scenario focuses on the activity of sending an
email message rather than receiving one. Indeed, the former
task involves more action steps, and thus aims to further test
usage behaviors of participants. The scenario was defined
as follows.
• Task condition: The user holds the tablet that displays
the main menu.
• Instructions to the user: “Could you send me an
email? You do not have to write (or say) anything,
it is just to see how you manage the activity of sending
email.”
• Time ends when: The user taps on “send the message”
button.
• Allocated time: 1 minute.
This test provides two usability measures. First, an
effectiveness measure is done. It ranges over a scale of
3; the score depends on the number of errors made by the
user, and whether the task was performed within the allocated
time. A score of 3 denotes a task performed without errors
and within the allocated time. A score of 2 corresponds to
a task performed with errors but within the allocated time.
A score of 1 is when the user did not complete the task
within the allocated time. Second, an efficiency measure is
also collected thanks to the recording of the accurate time
in seconds to perform the usage task.
2) Cognitive and health indicators: Cognitive function-
ing. Several tests, well-known to be sensitive to the aging
effect [19], were used to assess the following cognitive
aspects.
• The global cognitive functioning: measured with the
Dementia Rating Scale 2 (DRS-2) [20].
• The executive functioning: measured with the Frontal
Assessment Battery (FAB) [21], the Trail Making Test
(TMT) [22] and the Victoria Stroop Test [23]. We used
the ratio (TMTB − TMTA)/TMTA for time in the
TMT, and the two interference scores Word/Dot and
Interference/Dot for time in the Victoria Stroop.
• The memory functioning: measured with the Benton
Visual Retention Test [24] and the Five Words Test [25].
• The socio-cognitive functioning: measured with the
“Reading the Mind in the Eyes” test [26].
We computed Z-scores for all these tests, and made the
sum to obtain an indicator of cognitive functioning, where
higher values indicate greater cognitive functioning.
Self-perceived health. For this indicator, we used the follow-
ing tests.
• The Short Form 36 of Health Survey (SF-36) [27],
inducing two sub-scores: physical and mental perceived
health, higher scores indicating better self-perceived
health.
• The 28-item General Health Questionnaire (GHQ-
28) [28], scored over 96, higher scores indicating more
general health-related problems.
We computed the Z-scores of these two tests, and made
the sum to generate an indicator of perceived health, higher
scores indicating better perceived health.
Expected results of the experimental study are that our
application (1) is usable and engaging for older adults (i.e.,
easy to use and learn), and (2) can support aging in place by
contributing to prevent the loss of cognitive functioning and
self-perceived health (in particular the mental dimension).
V I . R E S U LT S
To achieve our research objectives, we performed the fol-
lowing statistical analyses: (1) univariate repeated ANOVA
for time (i.e., t0 vs. t6 vs. t9) to reveal changes across time
in terms of effectiveness, efficiency and (2) mixed ANOVA
with time and group of subjects (i.e., equipped vs. control) as
independent factors and with cognitive and health indicators
as dependent factors, to highlight the benefits brought by the
use of our application.
A. Usability measures across time
Figure 6 plots the two usability scores (effectiveness and
efficiency) from t0 to t9.
As illustrated, the effectiveness score for performing the
timed-usage scenario increases across time (F(2,24) = 7.70;
p = .003). Conjointly, a strong enhancement of efficiency
score is observed (i.e., decrease of performance time ; F(2,24)
= 7.95; p = .002). This means that both effectiveness and
efficiency dimensions of the usability of our application
enhance across time. In other words, older users learned
accurately how to use our application, becoming agile with
it.
Figure 6: Usability measures across time (t0 vs. t6 vs. t9) with (on the
top) effectiveness and (on the bottom) efficiency score (in sec.). Error bars
represent standard errors.
B. Benefits of using our email application
Table II summarizes the means and standard deviation
in terms of cognitive functioning and perceived health for
our two groups of participants. For the cognitive function-
ing indicator, significant Time×Group interaction effect is
obtained (F(1,23) = 7.12; p =.004), given that the control
group exhibits a decrease of cognitive functioning across
time, while the equipped group exhibits an increase of the
cognitive functionning indicator. Note that no significant
effect is reported for the two other health indicators (i.e.,
physical functioning and self-perceived health). Overall, the
use of our email application improves only the cognitive
functioning of the users. Also, there is probably not enough
cognitive benefits to induce a positive change on the general
self-perceived health indicator. Indeed, this indicator is multi-
determined, notably by physical functionning that obviously
is not changed by the use of our email application.
Table II: Means and standard deviation of cognitive and health indicators
across time for our two groups of participants
Equipped Control
group group
Mean (SD) Mean (SD)
t0 cognitive funct. -.01 (1.00) .03 (1.15)
perceived health .06 (1.75) -.33 (1.73)
t6 cognitive funct. -.06 (.13) .07 (.38)
perceived health .08 (1.30) -.33 (2.26)
t9 cognitive funct. .07 (.16) -.14 (.32)
perceived health .20 (1.27) -.23 (2.25)
SD=Standard Deviation.
Values in boldface indicate significative differences
V I I . D I S C U S S I O N
The purpose of the study was to assess design principles to
develop an email application supporting social participation
of older adults. The relevance of these design principles lever-
ages the literature on aging and are now also underpinned
by a field study. We report two new results.
First, usability measures demonstrate that the email ap-
plication is quickly mastered by the older users. Indeed,
they are accurate as well as diligent to perform the more
complex scenario of email usage (message sending task).
Moreover, the usability (i.e., effectiveness and efficiency)
measures improve over time (from t0 to t9), suggesting a
high learnability of our application.
Second, regarding well-being impact, our results highlight
the benefits brought by the use of our email application,
in terms of cognitive and health indicators. Indeed, we
observed an improvement over time of cognitive functioning
for the equipped group, compared to the control group.
This result enhances the positive impact of using our email
application, and fits with previous findings stressing the
impact of the social network on cognitive abilities [29].
However, no benefits was found on the perceived health
conditions compared to our control group. Logically, it can
be explained by the fact that a communication application
has not enough impact on everyday life to improve such
dimensions.
Limitations Despite our encouraging results, several lim-
itations need to be mentioned. First, results could be more
statistically robust with a larger sample of older adults.
Second, the experimental design could have included an
experimental condition with an on-the-shelf email application.
Indeed, such a condition could magnify the accessibility
properties of our email application in demonstrating that an
on-the-shelf email tool exhibits poorer performance than our
email tool, in terms of usability, as well as actual usage by
our older participants. Third, a participatory design approach,
involving older adults [30], [31], including for instance
focus groups before the field experiment, could have allowed
to discover that augmentative communication functionality
(i.e., the audio mode) should have been more customizable
according to users’ learning abilities.
Overall, the present results highlight the relevance of our
design specifications, and provide insights regarding factors
influencing the intention to use a communication application,
and in the longer term, communication technology adoption.
V I I I . C O N C L U S I O N
Supporting communication and social activities is a major
challenge for aging in place. Specific applications have to be
designed to support older adults for remote communication
with their family, caregivers and peers. Communication
technology is now pervasive and requires their design to
be accessible and engaging.
We have proposed design principles that account for the
specificities of older adults and have applied these principles
to an email application.
We have conducted a field study to evaluate our email
application over a period of 9 months. We have equipped
the home of 13 community-dwelling old-older adults with
a touchscreen tablet and our application, and have recruited
non-equipped 13 control counterparts. This field study have
validated our design principles as shown by the effectiveness
and efficiency gained by the participants in using our appli-
cation. Furthermore, we have demonstrated the benefits of
using our application in terms of cognitive functioning, as
compared with the control group.
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